We have used double fluorescence in situ hybridisation to study the involvement of centromeres and paracentromeric heterochromatin in the chromosome abnormalities seen in the ICF syndrome. To detect centromeres, we used a probe which labelled alphoid satellite DNA, and for the paracentromeric heterochromatin a probe for classical satellite II. Our results show that it is always the paracentromeric heterochromatin of the relevant chromosomes that becomes decondensed in this syndrome and which fuses to produce multiradial configurations. How 
The ICF syndrome is a rare human genetic disorder, the symptoms of which include Immunodeficiency, Centromeric instability, and Facial anomalies. The centromeric instability includes decondensation of the heterochromatin of chromosomes 1, 9, and 16, and, very occasionally, of one or two other chromosomes, and the fusion of the heterochromatic regions of these chromosomes to form multiradial configurations, comprising arms from several of these chromosomes. For recent reports on the chromosome abnormalities found in this syndrome, see Smeets et al, ' Brown et 
Materials and methods
The patient from whom chromosomes were obtained for this study has already been described in detail,2 and chromosome preparations were obtained from the patient as described in that paper. Fluorescence in situ hybridisation was carried out using a double PRINS technique,7 described in detail by Mitchell et al.' Two oligonucleotides were used. Oligonucleotide 405 detects alphoid repetitive DNA sequences,9 while B18 hybridises to the human satellite II simple sequence family. The sequence of B 18 is 5'-CGTTGATTCCATTTGATGTTGATTCCA TTC-3'.'°Oligonucleotide 405 incorporated digoxigenin-l l-dUTP during the PRINS reaction, and the digoxygenin was detected using anti-digoxygenin-FITC FAB fragments (Boehringer Mannheim). The oligonucleotide B18 incorporated bio-l l-dUTP (Boehringer Mannheim) during the PRINS reaction, and detection of the biotin was achieved using avidinTexas red (Vector Laboratories). Chromosomes were labelled with DAPI to produce blue fluorescence. The images were captured using a Zeiss Axioplan fluorescence microscope equipped with a 100 W mercury lamp and a photometric CCD camera. Images were captured and processed using software from Digital Scientific (Cambridge, England). Exact registration of images was achieved using a Chroma P1 filter set mounted on a rotating wheel. False colour images were photographed from the computer screen; the colours were chosen to correspond as closely as possible to the natural colours of the fluorescence, so that DAPI appears blue on the photographs, sites of alphoid satellite DNA green, and satellite II pink.
Results
The probe for alphoid satellite DNA, oligonucleotide 405, labelled all or most of the centromeres in every metaphase examined, whereas the satellite II probe, B 18, labelled only the paracentromeric heterochromatin of chromosomes 1, 9, and 16 (fig 1) . However, when the heterochromatin was decondensed, the thin thread produced label throughout its length with the satellite II probe, while the region labelled with the alphoid satellite probe remained condensed, and showed the same appearance as in chromosomes that did not show any decondensation of the heterochromatin ( fig 1A) .
In multiradial configurations, the region labelled with the satellite II probe always formed a single block (fig 1B) , while the alphoid satellite probe labelled discrete blocks on individual chromosome arms surrounding the block of satellite II. The multiradials are, therefore, formed by fusion of the paracentromeric heterochromatin, while the centromeres themselves remain separate.
Discussion
In this study, we have used oligonucleotide probes which recognise alphoid satellite DNA and classical satellite II DNA to label the centromeres and the paracentromeric heterochromatin, respectively, in chromosomes from a patient with the ICF syndrome. As shown by Mitchell et aP for alphoid and satellite III DNA in man, the two families of repetitive DNA studied here also occupy distinct domains. Our results confirm that it is the regions of paracentromeric heterochromatin, containing satellite II, which can become decondensed in this syndrome and can fuse to form multiradials. This is in agreement with morphological studies that pointed to the decondensation and fusion of heterochromatin (see, in particular, the scanning electron microscopy studies reported by Brown et af'), and confirms more recent FISH studies.3 4 6 1 It is equally clear that the centromeres, as identified by hybridisation of the alphoid satellite probe, do not appear to decondense and are excluded from the fusions by which the multiradials are formed. This is, of course, consistent with the observation that normally only those chromosomes which carry substantial blocks of paracentromeric heterochromatin are involved in the chromosome abnormalities characteristic of the ICF syndrome.
It is not, at present, possible to explain fully the connection between the various features of the ICF syndrome, but it seems plausible that the same process could give rise to the immunodeficiency and the formation of multiradial chromosomes. Both immunodeficiency and the production of multiradials could be the result of a failed recombination process. It has been shown that recombination can occur between experimentally decondensed segments of heterochromatin.'2 The process involved in the ICF syndrome would presumably be failure to resolve recombination intermediates rather than failure to initiate recombination, otherwise no multiradials would be formed. 
